Mesoporous carbon was prepared from fructose using zinc borosilicate (ZBS) 
INTRODUCTION
Mesoporous carbon (2-50 nm pore size) is an interesting material due to its properties and its potential applications. Chemically, the mesoporous carbon is resistant to acid and base [1] . Functional group of the carbon surface can be engineered by oxidation treatments [2] . The mesoporous carbon has various potential applications, including as adsorbent of large molecule [3] . Mesoporous volume and pore size distribution determine capacity of adsorption [4] and the equilibrium time of adsorption [3] .
Some researchers reported that carbonization temperature gives influence toward surface's functional groups and porosity of the carbon. There is decrease of functional group amount by increase of carbonization temperature [5] . Connected to porosity, the influence is different for various activators or templates of the carbon. For example, NaOH, KOH, Na 2 CO 3 , K 2 CO 3 activators [6] and silica template [7] improve mesoporous volume by temperature increase for range more than 600°C. Silica also increases pore uniformity by increase of temperature [8] . However, ZnCl 2 is a chemical activator which forms porosity well at low temperature not more than 600°C [6, [9] [10] [11] . The ZnCl 2 activator built the mesoporous carbon from fructose which has pore uniformity centered on 7 nm at 450°C [11] . This low temperature is enough efficient, but the quality of pore makes the carbon ineffective for adsorption of large adsorbate, for example marine bacteria which has size of 30-60 nm [12] or virus hepatitis A which has size of 28-40 nm [13] . In other side, borosilicate is a pore template which physically forms uniformity at 30 nm and 23 nm, but needs enough high carbonization temperature, i.e. 900°C [14] .
Zinc borosilicate is a combination of activatortemplate in synthesis of mesoporous carbon from sugar.
This ceramics can open a chance to produce carbon with pore uniformity centered on > 7 nm but lower carbonization temperature. Physically, ZBS can act as pore template in carbonization process, which controls pore size of the carbon. Chemically, the Zn 2+ cation has the role as activator of pyrolysis which supports carbonization at low temperature. Another benefit is that precursors of zinc borosilicate such as silica gel, boric acid, and ZnCl 2 are also proton donors in the water [18] [19] [20] , meaning that they can catalyze caramelization of sugar. The caramelization process produces caramel which has a role in carbonization to create pore wall of the carbon. Technically, ZBS ceramics contains crystal zinc silicate and zinc borate which involves hydrothermal and calcination processes in synthesis [15] [16] [17] . This is similar to caramelization and carbonization in synthesis of carbon from sugar as reported in previous research [11] .
Caramel is a large substance which has molecular formula of C 125 H 188 O 80 and bitter taste [21] . In synthesis of carbon from sugar, some researches performed the caramelization before carbonization process at different temperature with different sugar, for example: at 85°C with fructose [11] , at 100°C with sucrose [14] , and at 100°C with glucose [22] . In transformation of carbohydrate to 5-hydroximethylfurfural (HMF) by acid condition, fructose produce more HMF than sucrose and glucose [23] . HMF is intermediate of caramel in caramelization process [11] and indicator of caramelization reaction [24] . Temperature improves caramelization reaction kinetics of monosaccharide and disaccharide [25] .
In this research, mesoporous carbon is synthesized from fructose using zinc borosilicate (ZBS) activators. Purpose of the research is to study effect of both caramelization and carbonization temperature toward mesopore character and functional group of carbon surface.
EXPERIMENTAL SECTION

Materials
Chemicals used in this study included D-fructose (Merck), ZnCl 2 (Merck), HCl 37% (Merck), H 3 BO 3 (Merck), and distilled water.
Instrumentation
This research performed some characterizations involving some instruments. Functional groups of the carbons' surface were determined using FTIR spectrophotometer (Shimadzu), Adsorption-desorption nitrogen isotherms of the carbons were measured at the temperature of -196°C using Surface Area Analyzer (Quantachrome terization) after degassing the carbons at 130°C for 3 h. Crystal structure of the carbon was determined using X-ray diffractometer (Philip). Pore morphology of the carbon was determined using Transmission Electron Microscope (JEOL/EO). Absorbance of HMF was determined using UV-Vis spectrophotometer (Shimadzu).
Procedure
Synthesis of carbon at different caramelization temperatures
A 10 g fructose, 10 g silica gel, 10 g ZnCl 2 , 12.35 g H 3 BO 3 , and 60 mL aquadest were placed in a Becker glass and stirred. The mixture then was heated at 85°C for 6 h, followed by 130°C for 1 h, and then carbonized under flow of nitrogen gas at 450°C for 2 h. The carbon-ZBS composite was washed by using HF 48% solution, HCl 1M solution, and aquadest, respectively to remove ZBS from the carbon. The obtained mesoporous carbon then was dried at 130°C for 6 h and named carbon-85/130. The same procedure was repeated for caramelization temperature of 100°C for 4 h and the product is named carbon-100/130. The mesoporous carbons were sieved to get of 100-120 mesh particle size. The results were characterized, including pore characteristics and functional group. The crystal structure and pore morphology was conducted for the carbon which has highest mesopore characteristics.
Synthesis of carbon at various carbonization temperatures
The procedure was the same as the procedure for study of caramelization temperature, but it was conducted at caramelization temperature of 100°C for 4 h and various carbonization temperatures (350, 450, 550, 650, and 750°C) for 2 h. 
RESULT AND DISCUSSION
Mesoporous carbons have been synthesized from fructose with ZBS activator at 2 different caramelization temperatures and some various carbonization temperatures. The synthesis involves 2 processes, i.e. caramelization and low temperature carbonization. Pore characterization was conducted with nitrogen adsorption-desorption isotherm at 77 K which was treated using Pierce Orr Dalla Valle (POD) methods [26] .
Effect of Caramelization Temperature
Adsorption-desorption isotherm of the carbon is presented in Fig. 1 . Isotherm curve gives a rough description about pore characteristics. Fig. 1 shows that both carbons have pattern of type IV isotherm and type I hysteresis, indicating mesopore characteristics and ball pore structure, respectively [26] . Based on data calculation in POD table, mesopore zone stays on range of P/Po 0.15-0.95. Curve slope of the carbon-100/130 is larger than of the carbon-85/130, indicating about larger mesopore volume, as confirmed later by Fig. 2 . Both carbons have inflection point of curve at about P/Po = 0.9. It means that peaks of pore size distribution (PSD) occur at the same pore size which is larger than 100 Å, as confirmed by Fig. 3 . The carbon-100/130 has more vertical and longer inflection than the carbon-85/130, indicating the higher peak of PSD, as confirmed by Fig.  4 . Based on adsorption-desorption isotherm, it can be concluded roughly that the temperature of 100°C gives better mesopore quality than 85°C.
The detail about mesopore volume (V meso ) of the carbons is presented in Fig. 2. In Fig. 2 , the carbon-100/130 shows higher V meso than the carbon-85/130. This better mesopore quality may be due to improvement of caramelization reaction kinetics by higher temperature [25] . Temperature of 100°C has higher evaporation kinetics than 85°C. This condition may create more concentrated HMF which prevent hydrolysis of HMF and creates more caramel product. More caramel amount may produce the thicker pore wall which prevents pore damage in washing process. Mechanism reaction of HMF hydrolysis has been Model of steps in formation of pore structure in synthesis of mesoporous carbon from fructose with ZBS activator as pore template presented in the previous research [27] . In other hand, the higher temperature creates higher enolisation rate as well as higher proportion of acyclic and furanose form of fructose which improve HMF production [28] .
Pore size distributions (PSDs) of the carbons are presented in Fig. 3 . The PSD is important to determine pore size uniformity, because peak of PSD describes the largest amount of pore compared to the other pore.
These PSDs are based on POD table by referring to Lowell et al. [26] . Those PSD curves are built based on adsorption data and desorption data because they have correlation with pore cage and pore window, respectively [14] . The PSD curves in Fig. 3 show that the carbon-100/130 has higher peak of PSD than the carbon-85/130, meaning that the former has higher uniformity than the latter. Both carbons have peak of PSD at the same location for pore cage, i.e. at D = 300 Å, but at different locations for pore window, i.e. D = 270 Å for the carbon-100/130 and D = 170 Å for the carbon-85/130. This difference may be due to different pore formation process. Based on visual observation, some silica gel was dissolved by addition of ZnCl 2 and some other was not. It is assumed that pore cage is built by the undissolved silica coated by ZBS network and pore window is built by the dissolved silica reacted with ZnCl 2 and H 3 BO 3 . The undissolved silica particle size may dominate pore size of the pore cage which produce relatively same pore cage. In other hand, the higher caramelization temperature may dissolve more silica to create more ZBS network to create larger size of pore window.
To design model of pore formation by ZBS, morphology of pore is characterized by TEM and presented in Fig. 4 . The carbon-100/130 has been chosen for TEM characterization. The carbon in Fig. 4a shows interconnected pore structure (light part). The pore involve pore cage (almost square) and pore window which has long shape like stick and connect the pore cages. The carbon also indicates amorphous pore wall structure (dark part). This amorphous wall is supported by Fig. 4b which shows diffuse electron diffraction mode. Based on pore morphology, visual observation toward dissolution process, and theoretical discussion, the steps of pore formation by ZBS (as pore template) and pore wall formation by fructose are designed in Fig. 5 .
Chemically, the steps of synthesis in Fig. 5 involve caramelization reaction of fructose and carbonization reaction of caramel. There are 2 reactions in the caramelization process, including 1) caramelization reaction of fructose to produce caramel with HMF as intermediate (Fig. 6 ) and 2) formation of ZBS network by both the dissolved and undissolved silica with ZnCl 2 , and H 3 BO 3, as designed theoretically in Fig. 7 , referring to arrangement of BO 4 , BO 3 , SiO 4 , and ZnO 4 polyhedrons in borosilicate glass network [29] . In Fig. 6 , the caramelization reaction is catalyzed by proton. Fructose is hydrolyzed to HMF in acid media. Then, HMF is polymerized to caramel by catalization of [11] . In this research, the caramelization reaction may be catalyzed by precursors of ZBS (ZnCl 2 , H 3 BO 3 , silicagel) because precursors of ZBS, including ZnCl 2 , H 3 BO 3 , and silicagel produce proton in water [18] [19] [20] (see scheme 1).
The role of ZBS's precursors as catalysts of caramelization reaction is supported by data of HMF (caramel intermediate) absorbance in fructose solution after caramelization reaction in Table 1 . In other side, the ZBS network may contain terminal silanol groups (Fig. 7) which can release proton too. The proton can catalyze the caramelization reaction of fructose as described in Fig. 6 .
In carbonization process, the caramel is pyrolyzed to produce mesoporous carbon [11] , as described in Figure 8 . In this process, the remain ZnCl 2 which doesn't form ZBS network activates the pyrolysis reaction of caramel. ZnCl 2 acts as dehydrating agent which attracts H 2 O gas molecules released by decomposition of caramel to form the hydrated compound. This hydrated ZnCl 2 finally losses the water molecule by increasing of temperature [30] . This activation can inhibit tar formation and improve carbon yield [10] . The ZBS may also act as dehydrating agent in carbonization process, because the network of ZBS also contains Zn 2+ cations. As same as ZnCl 2 , the Zn 2+ cations in ZBS attract H 2 O molecules to form the hydrated network, and then release them again by increasing of temperature.
The surface functional groups of the carbon is important for catalysis and adsorption applications [31] [32] . The functional group is measured with FTIR spectrophotometry and presented in Fig. 9 . Spectra of the carbon-85/130 in Fig. 9 . Those bands characterize C=C at aromatics rings, C=O, and O-H bonds, respectively [33] [34] [35] . The OH bond may be the surface hydroxyl groups and the adsorbed H 2 O [36] . The surface hydroxyl may be carboxyl, phenol, or lactol [36] . The C=O bond may be ketone, lactone, or carboxyl [37] . Both carbons have relatively same sharpness of spectra bands, meaning no influence of caramelization temperature toward functional groups of the carbon surface. 
Effect of Carbonization Temperature
The nitrogen adsorption-desorption isotherms of the carbons synthesized at various carbonization temperatures are presented in Fig. 10 . All carbons in Fig. 10 exhibit type IV isotherm and type I hysteresis. Those are characteristics of mesopore and ball pore structure [26] . There is increase of curve slope from 350 to 450 °C, especially in the range of P/Po ≥ 0.15, indicating improvement of V meso , as confirmed by Fig.  11 . In other side, the slope decreases by increase of temperature from 450 to 550°C, indicating decrease of V meso , and for range more than 550°C, the slope is relatively horizontal, indicating the relatively same V meso . All carbons give inflection point of curve at P/Po = 0.9. Based on POD table, it indicates pore distribution peak at pore size > 100 Å, as confirmed by Fig. 12 . Curve inflection of the carbon synthesized at 450°C is much sharper (more vertical) than the others. It indicates higher pore uniformity, as supported by previous research [38] [39] and confirmed by Fig. 12 . Based on isotherm characterization, it can be concluded roughly that carbonization temperature gives influence toward V meso and uniformity of carbon. Fig. 11 confirms that V meso of the carbons increase from 350 to 450°C, decrease from 450 to 550°C, and relatively constant for range of 550-750°C, so it means that the optimum temperature occurs at 450°C. Chemically, improvement of carbonization temperature from 350 to 450°C probably causes improvement of pyrolysis reaction so that it increases formation of pore wall which improves it's stability in washing process. In other hand, increase of temperature from 450 to 550°C causes decrease of pore volume. ZBS melt at 500°C [40] . This melt probably causes rearrangement of ZBS along carbonization which creates more little mesoporous volume. No influence of temperature increase from 550 to 750°C toward mesoporous volume. This is probably due to relatively same condition of ZBS along carbonization process, i.e. as the melt.
The PSD of the carbons is reported in Fig. 12 . The PSD curves in Fig. 12 shows increase of pore uniformity (shown by higher peak) and pore size where uniformity occurs by increase of temperature from 350 to 450°C. It is probably due to reaction of ZnCl 2 and B 2 O 3 in melt condition in the 450°C. ZnCl 2 melt at 290°C [41] and B 2 O 3 melt at 450°C [42] . This reaction potentially improves ZBS particle size which improves pore size of the carbon. In other side, there is decrease of both pore uniformity and pore size by further increase of temperature from 450 to 550°C, and relatively constant by increase of temperature from 550 to 850°C. It may be connected to condition of ZBS as melt. The ZBS melt at 500°C [40] . The melt probably FTIR spectra of mesoporous carbon from fructose with ZBS activator at various carbonization temperatures causes rearrangement of ZBS to form less sized particle which creates less pore size where uniformity of pore occurs with less uniformity. Based on study of the PSD, it is concluded that ZBS improves pore uniformity and pore size where uniformity happened, compared to ZnCl 2 .
Crystal structure of the carbon synthesized at 450°C is characterized with X-ray diffraction method and presented in Fig. 13 . The diffractogram patterns of the carbons shows broad diffraction peak, indicating content of amorphous structure [10] . There 1 peak at 2θ = 20.74°(d = 4.28 Å). This value is far enough from d value of ideal graphite (d = 3.35 Å) as listed in JCPDS-ICDD card no. 02-0456. Based on calculation by referring to formula in previous researches [43] [44] , the carbon has aromaticity fraction 0.68 and degree of graphitization 57%. It means that the carbon contains 44% non graphitic structure.
The functional group was measured with FTIR spectrophotometry and presented in Fig. 14 . The spectra in Fig. 14 shows decrease of band sharpness at 1550 cm -1 (C=C) by increase of carbonization temperature. The C=C band is connected to vibration of the aromatic structure [33] . This decrease of the functional group of C=C sharpness indicates less polar functional group on graphene layers of the carbon [36] . (OH) with increase of carbonization temperature. The bands of C=O and O-H probably are derived from carboxyl and hydroxyl groups respectively, as reported by previous research [34] [35] . Reduction of these functional groups indicates both more complete carbonization reaction and more hydrophobic products by increase of carbonization temperature.
CONCLUSION
In this research, the mesoporous carbons have been synthesized from fructose with ZBS activator at 2 different caramelization temperatures and various carbonization temperatures. Both caramelization and carbonization temperatures give influence toward mesopore quality, but only carbonization temperature gives effect toward functional group of the carbon surface. Increasing of caramelization temperature (85 to 100°C) and carbonization temperature (350 to 450°C ) improve both V meso and pore uniformity. The highest mesopore quality achieved in this research includes V meso about 2.21 cm
